Abstract. Difference spectra of the visual pigments have been measured in single rods and cones of a parafoveal region of the human retina. Rods display an absorption maximum (X'aS) at about 505 mix, associated with rhodopsin. Three kinds of cones were measured: a blue-sensitive cone with Xmax about 450 m,.; two green-sensitive cones with Xaa, about 525 m/y; and a red-sensitive cone with Xmax about 555 mp,. These are presumably samples of the three types of cone responsible for human color vision.
Procedures
In the present arrangement of this instrument, a Zeiss W opton microscope with a 100 x apochromatic objective and a photographic tube with a 20 x eyepiece is fitted in the sample beam of a Cary model 14 recording spectrophotometer. The reference beam passes through a compensatory array of lenses and stops, so as to bring both beams into approximate balance. Final baseline adjustments are made with the "multipot" of the spectrophotometer. For these experiments the standard light source of the spectrophotometer was replaced by a 600-watt quartz iodine lamp (DWL), and the phototube (R136) was set at its highest voltage, both arrangements for keeping the slitwidths minimal during the recording of spectra. All recordings were run at 25 A per second, the standard 0 to 1 absorbance scale and slide-wire of the spectrophotometer being used.
After much preliminary work with human and monkey retinas, the measurements presented here were made with a single retina from a 63-year-old man. This was removed from the eye, which had been kept dark and refrigerated in dim red light for about 10 hours after death. A piece of the retina including the fovea was mounted in a microcell consisting of two quartz coverslips held apart by a narrow ring of lucite and filled with a solution of 55-percent glycerol in 0.9-percent sodium chloride.
The retina was mounted on the stage of the microscope with the visual cells pointing upward, and the measurements were made with the light passing through them axially, the normal direction of incidence in the living eye. The image of a portion of the retina was projected in dim red light (680 to 690 my) at a magnification of 2000 x at the level of the entrance to the phototube housing of the instrument. The projected image of the retina was placed in position relative to a small circular diaphragm at this level, so that the light entering the phototube passed only through a single rod or cone. The retina in place on the microscope stage could be observed visually through a viewing ocular, at a magnification of 1600 x. A cross-hair in this ocular was aligned beforehand so as to center on the exit diaphragm at the phototube housing. To get the retina in position for a measurement, this cross-hair had only to be centered on a rod or cone, a relatively rapid operation.
The absorption spectrum was recorded in an otherwise dark room, first from 650 to 380 mtz, then immediately again in the reverse direction. This was done because the visual pigments are bleached to some degree during the recording of the spectrum, so distorting its shape somewhat. By recording the spectrum from both directions one obtains curves distorted in opposite ways, which can be averaged to yield a compensated spectrum.
These are the "dark" spectra.
Then the rod or cone, after being checked for alignment, was bleached immediately by one or two flash exposures (General Electric M3 flash bulbs), transmitted through a Jena KG1 heat filter and a yellow Corning 3385 filter that transmitted all wavelengths above about 465 mn, and the spectrum was again immediately recorded. The difference spectra were obtained by subtracting such "bleached" spectra from the "dark" spectra.
Obviously, it is of great advantage to restrict the bleaching light to a limited area of retina in the immediate neighborhood of the receptor being measured, so that one can go on making measurements on other receptors in the same specimen. We do this by taking advantage of the fact that any optical system is reversible-that is, the rays of light describe the same path in either direction; and so we introduce the flashes through the field-limiting diaphragm at the level of the phototube entrance. The bleaching light therefore traverses the system in the reverse direction to the measuring light. Owing to the fact that we have not yet arranged the bleaching radiation to enter the system in just the way the measuring radiation emerges, it spreads at the level of the specimen beyond the cell being measured, so as to expose the entire field seen at 1000 x magnification in the microscope. Most of the reti ever, is left in darkness, so moving from one field to an( can obtain a number of record the same specimen.
Observations
The measurements report were obtained from a parafov< of the retina, 1 to 2 mm fovea (that is, about 3.5? to the fixation point). This lay oi area of the yellow macular ] tion. In this region cones pletely surrounded by rods, wit average, two rods between cones. Since the cones are cor thicker than the rods, both receptor are easily distingui, isolated for measurement. r inner segments are about 5 y t the bases of the outer segm4 2.5 / thick; the rods are on th about 1.5 A thick (5). . If the bleaching of the blue-sensitive pigment yields retinene as product, this should considerably distort its difference spectrum, narrowing it and displacing it toward the red. We can expect, therefore, that the true absorption spectrum of the blue-sensitive pigment is broader and lies at shorter wavelengths than the difference spectrum shown in Fig. 3 . Such effects are much smaller in the green-and red-sensitive pigments.
We have already mentioned that the Xmax of the green-and red-sensitive cones shown in Fig. 3 lie 10 
The presence of high concentrations of urea in the plasma (and presumably the tissues) of elasmobranchs is well known (1). This compound accounts for approximately one third of the total tonicity of plasma. Previous work has
shown that the elasmobranch red cell is permeable to urea (2). By implication, it has been assumed that penetration occurs by means of simple passive diffusion. If this were true, then these erythrocytes, like mammalian erythrocytes, should be rapidly hemolyzed when exposed to solutions isosmotic with dogfish plasma, but containing urea as the sole solute. The experiments reported here demonstrate that there is no hemolysis of dogfish erythrocytes in isosmotic salt-free solutions of urea or hydroxyurea. Further, the behavior of dogfish erythrocytes when exposed to compounds chemically similar to urea suggests a carrier-mediated transport system for urea, similar to that described by a number of workers includThe presence of high concentrations of urea in the plasma (and presumably the tissues) of elasmobranchs is well known (1). This compound accounts for approximately one third of the total tonicity of plasma. Previous work has shown that the elasmobranch red cell is permeable to urea (2). By implication, it has been assumed that penetration occurs by means of simple passive diffusion. If this were true, then these erythrocytes, like mammalian erythrocytes, should be rapidly hemolyzed when exposed to solutions isosmotic with dogfish plasma, but containing urea as the sole solute. The experiments reported here demonstrate that there is no hemolysis of dogfish erythrocytes in isosmotic salt-free solutions of urea or hydroxyurea. Further, the behavior of dogfish erythrocytes when exposed to compounds chemically similar to urea suggests a carrier-mediated transport system for urea, similar to that described by a number of workers includ- Table 1) .
Solutions of the following substances (1.0 and 1.3M) were tested for their ability to produce hemolysis: urea (NH2CONH2), methylurea (NH2CO-NHCH3), thiourea (NH2CSNH2), acetamide (CH3CONH2), and hydroxyurea (NH2CONHOH).
A modified "urea osmotic fragility" test was performed by exposing dogfish erythrocytes to a graded series of urea concentrations varying from 0.1 to l.OM.
Net urea influx was measured by suspending dogfish erythrocytes in a modified isosmotic dogfish Ringer solution containing twice the concentrations of urea normally found in dogfish erythrocytes (700 mmole/liter) (5) and determining the rate of decrease of urea concentration in the Ringer's solution. Net efflux of urea was measured by suspending dogfish erythrocytes in a modified isosmotic Ringer's solution containing no urea (5) and determining the rate of increase of urea concentration in the Ringer's solution. In these studies, the red cell hematocrit of the suspension was approximately 10 percent. Urea concentrations in the suspending media were determined in duplicate by the technique of Conway (6), an ammonia blank being used.
The results obtained, which were the same for three different animals, are shown in Table 1 . The exposure of erythrocytes to 1M urea as the only solute produces no hemolysis. When the concentration of urea in the suspending media is reduced to 0.3M or less, hemolysis occurs in less than 5 minutes. There is slow hemolysis at intermediate urea concentrations. The behavior of hydroxyurea is similar to urea in that it produces no hemolysis at concentrations of 1.OM and above and causes rapid hemolysis at 0.3M concentrations or less. The three other urealike compounds studied, when present as the sole solute in contradistinction to urea, produce rapid hemolysis although the degree of hemolysis produced by thiourea is somewhat less than that produced by methylurea and acetamide.
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